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Introduction 
Polychlorinated biphenyls, or PCBs, are a class of persistent organic pollutant and are a 
major anthropogenic source of toxicity in freshwater lakes. Produced as industrial mixtures, 
PCBs consist of 209 individual compounds, or congeners, following the formula C10H(12-niCln 
(Safe, 1994; UNEP, 1999). The release of PCBs into the environment occurred from their use in 
industrial applications, such as dielectric fluids in transformers, coolants, adhesives, plasticizers 
and flame retardants (Safe, 1994; UNEP, 1999). Although banned in the US since 1979, the 
persistent nature of these organochlorines has led to their dispersal throughout the world. 
They redistribute in the environment by volatilizing and being transported by wind or rain 
(Wania and Mackay, 1993; Safe, 1994). 
Persistent organic pollutants such as PCBs tend to accumulate in the adipose tissue of 
organisms primarily via ingestion from the diet (Debruyn et al., 2004) and to a lesser extent 
from respiration and water (Paterson et al., 2007). The yellow perch (Perea flavescens) is an 
abundant species of freshwater fish that is susceptible to PCB bioaccumulation. Since PCBs 
bioaccumulate in fatty tissues, they are easily passed up the food web from filter feeders into 
higher trophic level consumers such as yellow perch in an aquatic food web (Paterson et al., 
2007). Yellow perch accumulate most of their energy density during the summer months, June 
through September (Henderson et al., 2000). During the rest of the year, however, yellow perch 
shows a general decrease in energy density (Henderson et al., 2000). However, much of this 
energy accumulation in fish such as yellow perch is in the form of fatty tissues and therefore 
also represents the possible bioaccumulation of PCBs. 
The octanol-water partition coefficient, otherwise known as log Kow, is a measure of the 
hydrophobicity. As such, this property provides a chemical measure of the ability of pollutants 
such as PCBs to accumulate in the fatty tissues of biological organisms. In general, log K0 w 
increases with the amount of chlorine atoms that are attached to the biphenyl rings of the 
molecule, as does the persistence of the molecule in the fat tissue of an organism (Paterson et 
al., 2007). These more hydrophobic congeners are predicted to have a greater chemical 
fugacity, the escaping tendency of the congener. Fugacity will increase as congeners are 
transferred from prey to predator between food web trophic levels (Daley et al., 2009). 
Ultimately, this will lead to a relatively large concentration of these toxins in fish, a 
phenomenon called food-web biomagnification, which could then be consumed by humans. 
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PCBs remain relatively benign as they reside in fatty tissue (UNEP, 1999). However, in 
situations where fatty tissue breaks down rapidly such as starvation, PCBs may be mobilized 
from the fatty tissues and into the bloodstream where the can be delivered to potential sites of 
toxicity (Daley et al., 2009; Debruyn et al., 2004). The PCBs will instead disperse into susceptible 
tissue like blood and organs. This effect has been demonstrated in sockeye salmon 
(Onchorhynchus nerka), which showed a several-fold increase in PCB and other persistent 
organic pollutant concentrations following the extreme stress and fat consumption during their 
pre-spawning migration (Debruyn et al., 2004). It is during such times of fat mobilization that 
PCBs have the potential to induce toxicity with acute effects such as rashes and complications 
in liver function in addition to acting as potential carcinogens (Safe, 1994). Although yellow 
perch do not migrate, the rapid depletion of body fat due to overwintering or ovarian growth 
may result in similar stress (Paterson et al., 2007). 
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Despite environmental remediation efforts, the consumption of contaminated fish 
remains a primary route of human exposure to chemicals such as PCBs (UNEP, 1999). In this 
study, PCB concentrations in the dorsal muscle of Oneida Lake yellow perch were investigated 
during the summer growing season (June - September) to examine potential temporal trends in 
pollutant bioaccumulation that may occur during the primary recreational fishing period. We 
predict that the (1) lipid content of the dorsal muscle tissue will increase from June to 
September; (2) total sum of PCBs will increase from June to September; (3) lipid content of the 
dorsal muscle will be greater in females than in males; (4) total sum PCB will be greater in 
females than in males; and (5) PCB congeners with a greater log K0 w will tend to bioaccumulate 
relative to congeners with a lower log Kow• 
Methods 
Yellow perch were collected from Oneida Lake during the summer of 2014 using 
variable-mesh multifilament gill ~ets. The nets were set at sunset and collected in the early 
morning. The timing of the net deployment accounted for the crepuscular nature of the fish 
(Rudstam et al. 2009). Fish were collected and stored in plastic Ziploc® bags and preserved by 
freezing at -20°C until analysis. 
A total of 183 yellow perch were weighed on a gram scale with standard, tail and fork 
lengths (mm) also measured. Samples were collected from June to October 2015. From each of 
the monthly collections, a subset of 6 fish, including 3 males and 3 females, ranging in size from 
221- 271mm were sampled for dorsal muscle tissue. The size range of 221 - 271mm was used 
4 
as a surrogate for age and to maintain consistency among the length and mass of fish compared 
for PCB analysis. 
The PCB extraction procedure was a modified version of the miniaturized micro-
extraction procedure described by Daley et al. (2009). Approximately 0.5 g of dorsal muscle 
dissected from the lateral side of each fish below the dorsal fin was homogenized with a total of 
15 g of sodium sulfate with a glass mortar and pestle. The powder was then transferred into 20 
ml glass syringes, spiked with 50 µI of a 700 µg/L PCB 34 recovery standard, and allowed to 
stand for 1 hour in a 20ml mixture of 50:50 hexane:dichloromethane. After 1 hour, samples 
were eluted into a 50 ml glass test tube at a flow rate between 3-5 ml per minute with a total 
extraction volume of 35 ml. Sample extracts wet then concentration by rotary evaporation and 
reconstituted to a 10 ml volume. A 1 ml subsample of the 10ml final volume was used for 
gravimetric lipid content determination. A blank and a reference homogenate (Onondaga Lake 
common carp Cyprinus carpio) were used for each extraction to monitor background PCB 
concentrations and method accuracy and precision, respectively. 
Following lipid analysis, sample extracts were reduced by rotary evaporation to 
approximately 1 ml for sample clean-up by Fforisil® (magnesium silicate) adsorption affinity 
chromatography. Clean-up was performed using glass chromatography columns containing 6 g 
of Florisil® capped with approximately 1 g of sodium sulfate and suspended in hexane. Sample 
extracts were added to the Florisil® followed by a 50 ml hexane rinse of the column with 
columns allowed to run dry following the hexane rinse. 
5 
Florisil® extracts were then reduced to< 1 ml by rotary evaporation and brought up to a 
final volume of 1 ml using iso-octane and then transferred to 2 ml glass chromatography vials, 
capped and stored in the refrigerator until gas chromatography analysis. 
Gas chromatography analysis was completed by the University of Windsor's Great Lakes 
Institute for Environmental Research. PCB analysis was performed using an electron capture 
equipped gas chromatograph (GC-ECD) as described in Lazar et al., (1992). A total of 34 
congeners were consistently detected in fish samples including PCBs 18/17, 31/28, 33, 52, 49, 
44, 74, 70,95, 101,99,87, 110, 151/82, 149,118,153, 105/132, 138,158,187, 183,128, 177, 
156/171, 180, 191, 170, 199, 195/208, 194,205, 206 and 209 and represent a log Kow range 
from 5.25 - 8.18 as reported by Hawker and Connell, (1988). For co-eluting congeners, the 
primary congener represents the dominant constituent of each peak. Blanks and an external 
PCB standard (Quebec Ministry of the Environment Congener Standard) were run on the gas 
chromatograph with every batch of 6 samples. 
Statistical examination consisted of student t-tests and analysis of variance (ANOVA). 
These tests were performed between sampling months for: lipid contents, sum PCBs, and sum 
homologues, homologue log Kow comparison; sexes for lipid content, and lipid weight sum PCBs. 
All statistical analyses (a= 0.05) were carried out using the Data Analysis toolpack in Microsoft 
Excel 2013. 
Results 
Recoveries of the PCB34 standard averaged 91.0 ± 6.5% and sample concentrations 
were not recovery corrected. The average sum PCB concentration in the common carp 
reference standard was 91.5 ± 3.6% and consistent with previous PCB analysis of the reference 
standard (mean± 2 std deviations). 
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The average lipid contents from all of the samples in each month are plotted in Figure 1. 
Corrected average values were excluded from these averages. There was a significant (p < 
0.001) increase in the average concentration of lipids between June and September. 
Although lipid content varied by month, lipid content did not vary with sex (Fig. 2). 
Males and females did not demonstrate any significant differences in average lipid content 
among any of the 4 months (p ~ 0.42). 
The total sum of all PCB congeners detected were taken for each sample and averaged 
for each month. Data analysis was carried out on both the wet weight data and lipid-corrected 
data. lipid-corrected data consists of the PCB concentration adjusted for the lipid weight 
determined in each sample, therefore eliminating potential effects of differing lipid contents of 
fish on the extent of PCB bioaccumulation. Figure 3 provides both the wet weight (Fig. 3a) and 
lipid-corrected (Fig. 3b) comparisons of sum PCB concentrations between the months. There 
was no significant difference in the wet weight comparison (p = 0.30). However, the lipid-
corrected calculation indicated a significant change in yellow perch sum PCB concentrations 
from June to September (p < 0.001). No significant difference in sum PCB concentrations was 
determined between males and female fish (p = 0.88). 
Figure 4 p the relative frequency of congener chlorination groups (homologs) as a 
percentage of the total PCBs present in the samples of each month. This proportional 
composition is uniform for each month, with penta-,hexa-, and heptachlorobiphenyls being the 
most abundant chlorination groups detected. The proportions of tri- and tetrachlorobiphenyl 
congeners quantified in perch dorsal muscle declined from June- September. However, hepta-
and octachlorobiphenyl congeners increased as a proportion of the sum PCB concentration 
during the June - September sampling period. 
The relationship between PCB congener concentrations and hydrophobicity throughout 
the study is provided in Figure 5. For this figure, the average September congener 
concentration was divided by the congener concentration measure in June collected fish and 
then plotted against the log Kow for each congener. This relationship effectively portrays the 
change in PCB congener concentrations between the starting and ending points of the study. 
There was a significant positive relationship between the average sum of the congeners and 
congener log Kow· 
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Figure 1. Average lipid contents of Oneida Lake yellow perch collected from June -
September 2014. Error bars indicate ± 1 standard deviation. 
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Figure. 2 Average lipid contents of male and female Oneida lake yellow perch collected 
from June - September 2014. 
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Discussion 
As predicted, the lipid content of the dorsal muscle increased significantly from the early 
summer samples (June) to the late summer samples (September). Yellow perch acquire the 
most energy during these summer months due to the availability of food (Henderson et al., 
2000) and increased activity due to the warmer water temperature (Paterson et al., 2007). At 
this point they are also storing the energy as fat in preparation for overwintering rather than 
expending it on less urgent ecological concerns, such as gonadal growth, as spawning takes 
place in the spring (Henderson et al., 2000). 
Henderson et al., (2000) describes female yellow perch being significantly larger than 
males given constant age and month. Female perch have greater reproductive costs in ovarian 
growth and egg production and must grow larger to maximize fecundity. Females also take 
longer to reach sexual maturity than males (Henderson et al., 2000). In this experiment samples 
were chosen on the basis of similar lengths, which, compared to weight, is the more negligible 
aspect of yellow perch sexual dimorphism. Females do grow longer than males, but only by an 
average of 2.5 cm at the age of 7 years (Herman et al., 1957). Therefore, we predicted that 
females would ultimately have a greater relative lipid component present in their musculature 
relative to males as a reflection of the increased growth r:ates exhibited by females. However, 
the male vs female lipid values within months and in total did not indicate any significant 
difference in lipid content. There are several possibilities as to why our data did not match this 
observed pattern . This research began shortly after the breeding season and the dramatic 
weight increase (by virtue of ovarian growth) and associated increase in energy density 
(Henderson et al., 2000) may not have been prominent enough at the present time. Also, 
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females may be more actively using the energy for growth rather than storage in dorsal muscle 
tissue. Other studies show the greatest body weight dimorphism in December and the lowest in 
September (Henderson et al., 2000), so an annual study would likely have a greater observable 
trend. 
With increased food consumption and energy gain during these summer months, an 
associated increase in PCB ingestion and bioaccumulation was expected. The total 
concentration of PCBs was predicted to increase from the start of sampling (June) to the end of 
the summer (September). A wet weight observation of sum PCB concentration showed such an 
increase. However, when corrected for the lipid concentration present in the dorsal muscle, the 
sum PCBs no longer followed a positive relationship. It appears that the dramatic increase in 
lipid content between September and the other months essentially dilutes the sum PCBs 
available in the muscle and obfuscates the trend of continued increase in sum PCB 
concentration. The non-significant trend in Fig. 3a shows this expected increase, but does not 
account for the disparity in fat content between September and any of the other three study 
months. This does not suggest that sum PCB is decreasing, but rather that it is merely not 
increasing in direct proportion to lipid content. The lack of significance for this hypothesis (2) 
has great importance in the discussion of how valuable a 4-month seasonal time frame is for 
examining PCB concentrations. 
There was no significant difference in the values of sum PCBs between males and 
females in total. It was predicted that females would have a greater lipid content than males 
due to their differences in bioenergetic need (Henderson et al., 2000) and would therefore 
accumulate and retain a greater proportion of PCB congeners to males. However, this was not 
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the case. It is also apparent that an increase in lipid content does not directly imply an 
increased sum PCB concentration, but only a greater potential for PCB deposition. Examinations 
of PCB concentrations between of older fish and/or during the breeding season may be more 
likely to show a meaningful difference in bioaccumulated PCBs. 
The relative increase in higher log Kow congeners over the course of the study 
demonstrates the increase in fugacity of bioaccumulated PCBs over time. The warmer water 
during the summer months not only increases energy gain (Henderson et al. 2000) but also 
facilitates the accelerated metabolism & excretion of PCBs with log K0 w <5.7 (Paterson et al., 
2007). Therefore, the higher log Kow congeners remain and continue to bioaccumulate while 
lower log Kow congeners can be excreted to a greater extent (Paterson et al., 2007). This results 
in the detectable increase of high fugacity congeners relative to lower fugacity congeners seen 
in the study. Despite no significant increase in sum PCB concentration over the summer, these 
results indicate that a change in the PCB congener composition profile of congeners occurs with 
an increase of more hydrophobic congeners observed over time. 
From a temporal perspective, the months of June through September represent the 
most dramatic increases in energy gain from yellow perch (Hendrickson et al., 2000). This is 
evident in the significantly increased lipid content from the June samples to the September 
samples. However, the expected increase in PCB concentration was not apparent over the 
course of this experiment. Generally, PCB concentrations and toxicokinetics are monitored over 
an annual basis (Henderson et al., 2000; Paterson et al., 2007; Rudstam et al., 2009). The 
seasonal nature of this study demonstrated an increase in wet weight sum PCB concentrations 
in Oneida Lake yellow perch. However, when changes in lipid content were considered, PCB 
concentrations were lowest by the end of the summer sampling period in this study. 
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It is possible that several of the increases were minute enough to have been obfuscated 
by a small sample size. Furthermore, the ages of the fish were approximated by similarities in 
lengths, not by standard otolith aging. This may have led to greater variation in the ages of the 
fish, especially considering the potential for sexual size dimorphisms in females (Herman et al., 
1957). Furthermore, differing stages of maturity (Herman et al., 1957) and associated 
bioenergetic needs (Henderson et al., 2000) may have altered the results from what was 
expected. However, it should also be noted that similar size between fish may be advantageous 
to displaying PCB and lipid concentrations in similar circumstances. 
This study concludes that the 4-month window of June through September was not 
sufficient to show a substantial increase in the total sum of PCBs present, despite an observable 
(yet insignificant) trend. Despite this, a significant increase in higher fugacity PCB congeners 
was observed over the course of the study, showing that higher log Kow PCBs had 
bioaccumulated over the course of the study. Further studies should examine PCB 
accumulation and dynamics in yellow perch over the pre-wintering and the breeding seasons, 
and over the entire year. 
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